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Abstract 
The growing population in Indonesia impacts on increasing of human needs which influences on the larger area of land 
degradation. To reduce area of land degradation, land rehabilitation is a key to achieve sustainable development. In identifying 
area to be rehabilitated, land capability analysis is required. The objectives of this research are: a) to examine soil characteristics 
as a data base for rehabilitating critical area, b) to study water balance, and c) to analyze land capability. Moreover, this study 
applies data collection, both primary and secondary for its method. Primary data includes soil characteristics were collected by 
taking several soil samples at several types of land uses to be analyzed in laboratory includes: soil pH or acidity, organic matter, 
NPK contents and soil permeability. Secondary data such as, rainfall and temperature data were collected for evapotranspiration 
and total available water for runoff analysis. 
This research results that soil pH mostly is very low (< 4.5) and 3 areas have the low soil pH of 4.5 – 5.5. Major soil 
organic matters are classified as high (3.1 – 5 %) to very high (> 5.5 %). Nitrogen content varies from low to very low, whereas 
the Phosphor content is very low at all location. Furthermore, K contents of soil ranges from low to moderate, whereas the CEC 
is classified as moderate. The soil permeability varies from very slow, slow, moderate to very fast. The water balance analysis 
shows that along the year there is surplus of the water, except during July to September.The study area has 4 land capability 
types. 
Based on the research result, it can be concluded that the critical land that capable to be rehabilitated includes: open 
area, shrubs and grassland, with an area of 612.03 ha; 117.75 ha and 27.57 ha, respectively. The soil fertility level is low; the 
deficit period is July to September. It was recommended that to rehabilitate the area, the lime and fertilizer should be applied. 
Regarding the climatologically analysis, the best time to plant the trees for rehabilitation is in the period of September to June. 
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1. Introduction 
The increasing area of critical land of watershed is a result of the increasing exploitation of natural resources. To 
reduce critical land area, land rehabilitation is a necessity for such company or person who exploit the land to 
rehabilitate as stated in Ministry of Forestry Decree Number P.63, year 2011[1]. In order to rehabilitate the degraded 
land, land capability analysis is very important to support data base includes hydrological and soil characteristics. 
The objectives of this research are: a) to examine the soil characteristics as a data base for rehabilitating critical area, 
b) to study the water balance, and c) to analyze land capability as a data base for rehabilitating critical area. 
The research was carried out at Meranti Sungai Merah Protected Forest (MSM-PF) covering 11,388.70 hectares. 
It is located in 4 villages, namely Lubuk Bintialo (52.08 %), Pangkalan Bulian (47.32%), Sri Mulyo (0.38%) and 
Sungai Napal (0.22%). 
 
 
Fig1. Location of Meranti Sungai Merah Protected Forest 
2. Material and Method 
2.1. Data 
The description of main data to be analyzed is given in Table 1. The data were obtained from field surveys and 
scientific literature. 
 
Table 1. Data collection 
No Data Description 
1 Land cover map Land cover map obtained by interpretation of Land sat ET+7 Path 125/Raw 
62, January 2013. 
2 Daily rainfall and temperature Daily rainfall data were collected from Babatoman rainfall station, and 
temperature data were obtained from Kenten meteorological and 
geophysics agency (2003-2012).  
3 Soil map Soil map was collected from Watershed Management Agencies in 
Palembang. 
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2.2. Soil Characteristic 
The primary data includes soil characteristics. It was collected by taking some soil samples randomly in the field at 
several types of land uses to be analyzed in the laboratory includes [2]: soil pH or acidity, soil organic matter 
(Walkley and Black method), NPK contents, CEC and soil permeability. 
 
2.3. Water Availability 
     Water availability data was obtained by calculates Potential Evapotranspiration and Total Available Water for 
Runoff (TARO). Air temperature was used as an index of the energy available for evapotranspiration, assuming that 
air temperature is the result of solar radiation [3]. The empirical equation of monthly potential evapotranspiration by 
using air temperature developed by Thornthwaite Mather is 
 
ܲܧ ൌ ͳǤ͸ሾͳͲܶȀܫሿ௔ 
 
Where PE is monthly potential evapotranspiration; T is the monthly mean air temperature (°C); I is a heat index for 
the station, which is the sum of 12 monthly heat indices i, given by 
 
i = (T/5)1.514 
 
Monthly mean Total Available Water for Runoff (TARO) represents the water availability and it is simply 
calculated as 
 
ܶܣܴܱ ൌ ܲ െ ܲܧ 
 
TARO is total available water for runoff (mm); P is precipitation (mm) and PE is potential evapotranspiration (PE). 
 
3. Result and Discussion 
3.1. Critical Land 
Land degradation reduces the capacity of the land to provide ecosystem goods and services and assure its 
functions over a period of time for the beneficiaries of these [www.fao.org]. Due to illegal logging and many 
unmanaged timber extraction, MSM-PF has been subjected to considerable land use change and critical land over 
several years ago. The result of interpretation of Landsat ET+7 Path 125/Raw 62, January 2013 shows that critical 
land and dispersed evenly [Fig. 2] and 3 classes of land cover were prioritized for rehabilitation covered 757.35 ha. 
Most of them were open area, shrubs and grassland. It covers 612.03 ha, 117.75 ha and 27.57 ha, respectively. 
 
3.2. Soil 
The soil characteristics of the study area (Table 2) are as follows. The soil pH mostly is very low (< 4.5) and 3 areas 
have low soil pH of 4.5 – 5.5. The extreme low soil pH is a constraint of plant growth since at this level, soil has 
lack of nutrient. It requires liming application to increase its pH, thus it is going to be suitable for plant to grow. The 
majority soil organic matter is classified as high (3.1 – 5 %) to very high (> 5.5 %). The soil organic matter 
functions as cement in improving soil aggregate stability. On the other hand, soil organic matter also functions as 
sponge for its ability to absorb a large amount of water. 
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Figure. 2. Vegetation in MSM-PF (1) Grassland; (2) Open Area; (3) Shrubs; (4) High Density Forest; (5) Low 
Density Forest. 
 
 
Table 2. Soil chemical and physical characteristics 
Code pH SOM N P K CEC Permea Texture  Structure Location 
  (%) (%)(pp m)        (%)             (me/100 g)           bility class  class 
cm/hr   
TV001 4.57 11.77 0.38 2.29 0.49 24.52 106.83 clay  coarse 3 
TV002 3.86  3.53 0.08 3.10 0.13 13.44   0.36 sandy loam coarse 5 
TV003 4.10 10.02 0.23 9.35 0.34 16.32     2.95 sandy loam medium 4 
TV004 4.16  4.36 0.12 3.30 0.10 10.99   12.96 sandy loam medium 5 
TV005 4.41  6.92 0.20 5.21 0.46 18.54     4.69 clay loam  medium 2 
TV009 4.66  4.12 0.11 4.20 0.23 10.66 24.74 sandy clay loam medium 1 
TV010 4.27  7.87 0.26 5.72 0.43 21.66 1.00 sandy clay loam medium 5 
TV011 3.92  5.51 0.16 3.70 0.19 14.14 0.14 loam  medium 5 
TV012 3.44  7.15 0.25 7.73 0.33 29.63          3.39 sandy loam medium 5 
TV013 4.42  5.92 0.18 3.70 0.13 14.31        37.20 sandy clay loam medium 2 
TV014 3.84  5.73 0.16 2.79 0.17 13.89          1.35 sandy loam medium 5 
TV015 4.86  7.29 0.26   2.29 0.66 20.72          0.08 clay  coarse 2 
 
Nitrogen content varies from low to very low. Primary source of Nitrogen is organic matter, manures and legumes 
[4]. This low N content is result of lack input of N to soil and N content in soil are used for plant to grow. To 
increase N content, fertilization should be applied. Meanwhile, Phosphor content is very low at all location. It is 
very common for soil with low pH has a low P content since the P is absorbed by Al and Fe. Primary source of P is 
organic matter and fertilizer. Furthermore, potassium content of soil ranges from low to moderate. Potassium is easy 
to leach in the soil. The primary source of potassium is plant litter, fertilizer and soil mineral. 
     In general, the soil Cation Exchange Capacity (CEC) is classified as moderate. It is stated by [4] that soil with 
CEC value of 11-40 meq/100 g may characterized by: moderate to high organic matter content, high water holding 
capacity or less nutrient losses to leaching than low CEC soils.  
The soil permeability varies from very slow, slow, moderate to very fast. This variety of soil permeability is 
influenced by both soil physical and chemical characteristics such as, soil texture, structure and organic matter 
content. The highest soil permeability is resulted on soil with coarse soil structure and it has the highest soil organic 
matter content. 
     The soil texture of the study area mainly is able to be classified as sandy loam, in which among the three 
parameters, sand content is the highest. Moreover, soil structure is mostly classified as medium class. The structure 
of the soil affects pore space size and distribution, and therefore, rates of air and water movement and overall root 
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proliferation. Well-developed structure allows favourable movement of air and water. It is due to the fact that plat 
roots move through the same channels in the soil as air and water, well-developed structure also encourages 
extensive root development [4]. 
3.3. Water  Availability 
The mean annual rainfall from2003 to 2012 was 2876 mm, with the highest average monthly precipitation (389.1 
mm) occurring in November and the lowest average monthly precipitation (100.7 mm) occurring in August. The 
mean annual air temperature is 26 - 28 °C. The mean annual PE in MSM-PF was 48.45% and TARO was 41.55% of 
annual rainfall. The water balance analysis showed that along the year there was surplus of the water, except during 
July to September was deficit [5]. This water balance is able to be applied as an indicator to choose the best schedule 
for planting. It was mentioned by [6] that plants may have a different ability to sustain soil. 
 
 
 
Figure. 3. Water availability 
 
3.4. Land Capability 
This research results that land capability types of the study area consists of 4 types, they are: Type 1: Natural 
forest area with dense stands, like natural forest which has moderate to high stands density, Type 2: Forest area 
dominated by shrubs, bush, has very low stands density, Type 3: Forest area dominated by rubber trees, and Type 4: 
Bare lands covered by grass. 
4. Conclusion 
It can be concluded that the critical land that capable to be rehabilitated includes: open area, shrubs and 
grassland, it covers 612.03 ha; 117.75 ha and 27.57 ha, respectively. The soil characteristics are as follows: soil pH 
mostly were very low, the soil organic matter majority were classified as high to very high. The Nitrogen content 
varies from low to very low, whereas the Phosphor content was very low at all location. Furthermore, the potassium 
contents of the soil ranges from low to moderate. The soil permeability varies from very slow, slow, moderate to 
very fast. The CEC is moderate. The water balance has the deficit period of July to September. Furthermore, the 
study area has 4 land capability types.  
In order to rehabilitate the area, liming and fertilizer should be applied to reduce the soil acidity and on the other 
hand to increase the soil fertility. Regarding the water balance, the best time to plant the trees for rehabilitation is in 
the period of September to June. 
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